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CRYOPROTECTIVE agents used in freeze preservation of whole blood can be divided into two major groups: those that protect by intracellular mechanisms and those that are primarily extracellular in action. 18 The intracellular agents, glycerol been shown to produce a satisfactory degree of cryoprotection. These substances must be thoroughly removed postthaw by washing. Hydroxyethyl starch (HES) is a plasma expander similar to Dextran and PVP1. 5. 10, 14. 25 and is an extracellular cryoprotective agent.12 It is considered nontoxic20 6. 19 This paper describes coagulation studies performed upon shocked monkeys transfused with the frozen-thawed blood protected by low molecular weight HES. Certain authorslo-14, 27 have reported alterations in coagulation mechanisms during the administration of hydroxyethyl starch of high molecular weight (200,000 or greater). Studies were done on the blood of two monkeys infused with large amounts of 12 per cent HES solution alone. We have shown (unpublished data) that the degree of protection afforded the erythrocytes by "low" molecular weight starch was equal to or slightly better than that of the high molecular weight (plasma expander type) HES. The inherent viscosity of the high molecular weight material was higher (O.Sdl/g) than the 0.15dI/g viscosity of the low molecular weight starch. The degree of substitution was the same however, in the range of 0.7 = 0.8DS. T h e blood with HES was prepa:.ed i n 55 ml aliquots. Seven monkeys received homologous blood previously frozen with 14 per cent hydroxyethyl starch solution. T h e blood-HES mixture was transfused after thawing without washing. Six monkeys were transfused with autologous blood withdrawn during the experiment in sterile ACD vacuum bottles, processed with HES, frozen in liquid nitrogen, and thawed while the animal was in the shocked state.
Kidney and liver biopsy specimens were obtained before and after the transfusions with HES. T h e lower molecular weight HES used in these studies had a molecular weight of 28,000 to 45,000. Four animals used as histopathological controls were exsanguinated, their blood frozen for homologous transfusions, and the animals were autopsied. Sections of kidney, lung, lymph nodes, spleen, and liver were examined. Formalin and alcohol fixed tissues were stained with hematoxylin and eosin and with periodic acid-Schiff (PAS) with and without diastase digestion. T h e rationale for using PAS stain with alcohol fixation to locate HES was based on the work by Mowry and Millicanzl who used the method to demoristrate Dextran in mouse tissues.
Whole blood hemoglohin, plasma hemoglobin, hematocrit, per cent red blood cell recovery, red cell saline stability, and potassium levels were determined for each aliquot of monkey donor blood prior to transfusion. Renal function studies (serum creatinine, blood urea nitrogen, and urinalysis) were done for all animals prior to shock, one hour after transfusion and at intervals u p to 48 hours.
Coagulation studies were done prior to shock, during the shock phase, at one hour, 24 and 48 hours posttransfusion. T h e studies obtained were: a platelet count utilizing phase microscopy, quantitative fibrinogen by tyrosine assay, total protein, one stage prothrombin time, partial thromboplastin time (PTT) , thrombin clotting time (TCT), and euglobulin lysis. Except for the platelet counts, these were done on frozen thawed plasma. In addition, thrombin clotting times and euglobulin lysis times were obtained on fresh blood.
To further study changes in coagulation caused by hydroxyethyl starch itself, two animals were bled of 1/4 to 1/3 of their estimated blood kolumes. While these two monkeys were in the shocked state, a n amount of 12 per cent HES in saline equal to the amount of blood removed was infused. I n these animals, protlirombin consumption tests and platelet factor I11 assays were obtained as well as those tests listed above. Table 1 shows coagulation data obtained from the monkeys in shock transfused with HES-preserved blood. This table includes both the homologous and autologous blood transfusions as there appeared to be no difference in the values obtained. T h e pretransfusion data was obtained while the monkey was in shock just prior to the administration of the HES preserved blood. There was a lowering of the mean fibrinogen level one hour after transfusion with a return to high levels at 24 hours. T h e platelet counts showed a mild decrease. In one monkey, platelets decreased to 70,000/ mm3 pretransfusion and in one at 24 hours the platelet count was 92,000/mm.3 Prolongation of the prothrombin time was noted at one hour after transfusion with a return to normal in 24 hours. T h e decrease in the total protein appeared to be of the same magnitude as the degree of lowering seen in the fibrinogen assays. At one hour posttransfusion, the P T T alppeared slightly prolonged and all returned to normal at 24 hours. Thrombin clotting time was normal or shortened in seven of I3 monkeys at one hour posttransfusion. In the other six monkeys, prolonged TCT's were seen. I n the monkeys with the prolonged T C T , the partial thromboplastin time and one stage prothrombin time were also prolonged. Euglobulin lysis time showed insignificant shortening in about half of the monkeys. Only one monkey had a lysis time of 30 minutes at 24 hours postinfusion. This monkey did not show any evidence of increased bleeding tendency. At 48 hours, all evidence of increased euglobulin lysis had disappeared. Table 4 lists the mean values of studies done on monkeys receiving honiologous transfusions. These studies were obtained prior to shock, one hour posttransfusion and 20 hours posttransfusion. T h e blood was transfused without postthaw washing, and there was a mean elevation u p to 85 mg/100 ml in the plasma hemoglobin in the aninials receiving autologous blood and 206 mg/100 ml in the group receiving homologous blood. Infusion of blood frozen with any cryoprotective agent will result in postthaw levels of plasma hemoglobin ranging from 200 to 900 mg/100 ml.13. 23 This hemoglobin may be reduced by postthaw washing before transfusion to levels in the range of 100 to 200 mg/100 ml or less.22 No hemoglobinuria was noted in either group. T h e creatinine levels were elevated temporarily and the serum potassium was essentially unchanged. Blood urea nitrogen was elevated minimally a t 48 hours in both groups. However, at the end of four days, all values had returned to normal.
Results
Histopathological studies in the four control animals disclosed rather extensive preexisting disease. All of them had birefringent particles. possibly silica, in the lungs and two of them had acute pneumonia. In another animal, liver necrosis was noted as well as PAS positive material in spleen, liver, and lymph nodes with and without diastase digestion with formalin fixed tissues. No other significant findings were noted except for occasional phagocytes which contained PAS positive material. Biopsies of liver and kidney from preshock test monkeys were also used as controls.
Liver and kidney biopsies were obtained after transfusion at various times on six of the test animals that received homologous blood HES transfusion and no consistent differences were noted between controls and test animals.
Discussion
The coagulation data obtained on the shocked monkeys given blood preserved with hydroxyethyl starch revealed no consistent or significant difference between 112 WEATHERBEE, E T AL. homologous and autologous blood transfusion. The lowering of the total protein, fibrinogen and platelets is consistent with dilution; there was some increase in the mean fibrinogen at 48 hours. Others have observed similar coagulation changes following Dextran and high molecular weight hydroxyethyl starch infusion.ls t Range.
I n the two monkeys given 12 per cent HES solution to replace their blood volume, no abnormality was observed in platelet factor 111. We did not study the prothrombin consumption at four or eight hours posttransfusion, and it is possible that some platelet abnormalities could have been present at that time. However, none of the monkeys demonstrated any bleeding tendency or wound oozing. T h e reason for prolongation of T C T in some animals is not clear. T h e HES may interfere with thrombin fibrinogen interaction. This could explain the prolongation of some of these coagulation tests in our shocked animals. T h e action on the coagulation mechanisms may depend upon the concentration of the HES present in the blood. There was no evidence of heparinoid action by this agent and abnormalities were not corrected by the addition of protamine in vitro.
I n similar experiments using polyvinyl pyrrolidone as the cryoprotective material,26 we observed hemoglobinuria that persisted for the first 24 hours. I n the animals gives the HES-blood mixture, no hemoglobinuria was detected in any of the monkeys.
Creatinine levels were elevated as noted at one and 20 hours but returned to normal levels within 48 hours. Acute renal damage did not occur. T h e modest elevation of the blood urea nitrogen can be attributed to hypovolemic induced changes in the animals. T h e elevations were not striking and were temporary. Similarly, serum potassium levels were not changed significantly. As expected, an elevation of plasma hemoglobin occurred one hour after transfusion. Within 24 hours, this had decreased and at 48 hours it had returned to preshock levels. T h e plasma hemoglobin levels were highest in the animals receiving homologous blood. We did not do compatibility studies for these transfusions.
I t is difficult to evaluate the tissue change seen because of the variability of the findings. For example, liver necrosis was present in controls as well as test animals. T w o animals died rather acutely, one because of fluid overload and the second because of insufficient blood replacement. Two other monkeys were sacrificed. PAS positive material was inconstantly seen in macrophages and epithelial cells in liver, spleen, and kidney in both control and test animals.
Mowry and Millican21 have demonstrated PAS positive material in various organs after Uextran infusion up to three months following transfusion. In this study, PAS postive material was noted in macrophages in both control material and test animals so there was no evidence that HES of low molecular weight persists in tissues. There was no consistent histopathological changes that could be related to the presence of HES in the blood transfused.
